EP 3 554 572 B1

(19)

(12)

(49)

(21)

(22)

Patent Office

Sy @1y  EP 3554 572 B1

Europdisches
Patentamt
0’ European

EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: AG61L 31/04 (2006.01) AG61L 31/10(2006.01)
03.03.2021 Bulletin 2021/09 AG1L 31/14 (200007 AG1L 31/16 (2005.07)
Application number: 17830060.4 (86) International application number:
PCT/US2017/066690
Date of filing: 15.12.2017

(87) International publication number:
WO 2018/112355 (21.06.2018 Gazette 2018/25)

(54)

INFECTION FIGHTING DRUG ELUTING DEVICE
INFEKTIONSBEKAMPFENDE MEDIKAMENTENBESCHICHTETE VORRICHTUNG
DISPOSITIF D’ELUTION DE MEDICAMENT DE LUTTE CONTRE LES INFECTIONS

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: « SHERWOOD, Gregory J.
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB North Oaks, Minnesota 55127 (US)
GRHRHUIEISITLILT LULV MC MK MT NL NO ¢ DELANEY, Joseph T.
PL PT RO RS SE SI SK SM TR Minneapolis, Minnesota 55418 (US)

¢« AREMU, Adeniyi O.
Priority: 18.12.2016 US 201662435829 P Brooklyn Park, Minnesota 55444 (US)
Date of publication of application: (74) Representative: Pfenning, Meinig & Partner mbB
23.10.2019 Bulletin 2019/43 Patent- und Rechtsanwilte

Joachimsthaler StraRe 10-12

Proprietor: Cardiac Pacemakers, Inc. 10719 Berlin (DE)

St. Paul, Minnesota 55112 (US)
(56) References cited:

Inventors: WO-A1-2005/084582 WO-A2-2007/078304
BYRON, Mary M.

Roseville, Minnesota 55113 (US) * ZHENG-MING HUANG ET AL: "A review on
WULFMAN, David R. polymer nanofibers by electrospinning and their
Minneapolis, Minnesota 55405 (US) applications in nanocomposites”, COMPOSITES
FRUCI, Angelo SCIENCE AND TECHNOLOGY, ELSEVIER,
Mahtomedi, Minnesota 55115 (US) AMSTERDAM, NL, vol. 63, no. 15, 2 July 2003
MCGRAW, Adam (2003-07-02), pages 2223-2253, XP002516036,
Mansfield, Massachusetts 02048 (US) ISSN: 0266-3538, DOI:

FRANKSON, Danielle 10.1016/S0266-3538(03)00178-7 [retrieved on
Dayton, Minnesota 55327 (US) 2003-07-02]

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 554 572 B1 2

Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Provisional
Application No. 62/435,829, filed December 18, 2016.

TECHNICAL FIELD

[0002] The presentinvention relates to preventing in-
fections associated with implantable medical devices.
More specifically, the invention relates to an infection
fighting drug eluting device for an implantable medical
electrical lead.

BACKGROUND

[0003] Medical devices may be implanted in a subcu-
taneous pocket to support sensing intrinsic physiological
electrical activity, delivering a therapeutic stimulus to pa-
tient tissue, or providing other therapy to specific treat-
ment sites. For example, a pulse generator may be im-
planted in a subcutaneous pocket in a patient’s chest,
with one or more electrical leads extending from the pulse
generator to treatment sites within the patient.

[0004] Implanting a medical device within a patient ex-
poses the patient to a risk of a nosocomial (e.g., hospital-
acquired) infection associated with bacteria adhering to
the exterior of the medical device when it is placed within
the subcutaneous pocket, causing a pocketinfection. For
example, the average nosocomial infection rate associ-
ated with the implantation of cardiovascular implantable
electronic devices in 2008 was approximately 2.4 per-
cent. In some cases of infection, the implantable medical
device, including the device housing and any associated
electrical leads, must be completely removed. Following
removal, the infection must be cured and the patient must
heal enough to tolerate implantation of a replacement
medical device. The costs of such infections may be sig-
nificant, notonly intrinsically, but also in terms of the phys-
ical and emotional stress suffered by the patient.
[0005] What is needed is a way to reduce the occur-
rence of infections which may result from implanting a
medical device within a patient.

[0006] WO 2007078304 discloses implantable medi-
cal devices comprising nanostructure enhanced porous
surfaces as well as their bacteriostatic properties.The na-
nostructures may comprise nanofibers. In one embodi-
ment, the nanowires can be embedded (e.g. potted) in a
plastic or polymer matrix material such as PTFE and then
material can be partially removed such that the plastic or
polymer matrix can protect most of the length of each
nanofiber, leaving only portions of the nanowires such
as their ends exposed for their desired intended applica-
tion.

[0007] The medical device may further comprise one
or more biologically compatible or bioactive coatings ap-
plied to the nanofibers.
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SUMMARY

[0008] The scope of protection is defined by the claims.
Example 1 is an implantable drug eluting medical
device according to claim 1.

Example 2 is the implantable medical device of Ex-
ample 1, wherein the first plurality of nanofibers is
formed of a bioresorbable polymer.

Example 3 is the implantable medical device of Ex-
ample 1, further including cross-linked poly(ethylene
glycol) containing the atleast one antimicrobial drug,
the cross-linked poly(ethylene glycol) containing the
at least one antimicrobial drug disposed within the
first plurality of pores and mechanically fixed to the
second portion of the first plurality of nanofibers.
Example 4 is the implantable medical device of Ex-
ample 3, wherein the cross-linked poly(ethylene gly-
col) containing the at least one antimicrobial drug is
bonded to the second portion of the first plurality of
nanofibers by covalent bonds.

Example 5 is the implantable medical device of any
of Examples 1-4, wherein the second plurality of na-
nofibers are thermally bonded to the first plurality of
nanofibers.

Example 6 is the implantable medical device of any
of Examples 1-5, wherein the second plurality of
pores has an average pore size that is smaller than
an average pore size of the first plurality of pores.
Example 7 is the implantable medical device of any
of Examples 1-6, further comprising a second atleast
one antimicrobial drug disposed among the second
plurality of nanofibers, wherein the second at least
one antimicrobial drug can be the same or different
than the at least one antimicrobial drug disposed
within or among the second portion of the first plu-
rality of nanofibers.

Example 8 is a method of forming a drug eluting layer
on a surface of a polymer substrate of an implantable
medical device according to claim 8.

Example 9 is the method of Example 8, wherein in-
corporating the at least one antimicrobial drug within
pores formed by the second portion of the first plu-
rality of nanofibers includes blending the atleast one
antimicrobial drug with a poly(ethylene glycol), dis-
posing the blend of the at least one antimicrobial
drug and the poly(ethylene glycol) into the pores,
and cross-linking the poly(ethylene glycol) to me-
chanically fix the blend of the at least one antimicro-
bial drug and the poly(ethylene glycol) to the second
portion of the first plurality of nanofibers.

Example 10 is the method of Example 9, further in-
cluding exposing the second portion of the first plu-
rality of nanofibers and the blend of the at least one
antimicrobial drug and the poly(ethylene glycol) to
an argon-containing plasma to covalently bond the
cross-linked poly(ethylene glycol) to the second por-
tion of the first plurality of nanofibers.
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Example 11 is the method of any of Examples 8-10,
wherein interpenetrating the first portion of the first
plurality of nanofibers within the surface of the sub-
strate includes electro-spinning the first plurality of
nanofibers directly into the surface of the substrate.
Example 12 is the method of any of Examples 8-10,
wherein interpenetrating the first portion of the first
plurality of nanofibers within the surface of the sub-
strate includes electro-spinning the first plurality of
nanofibers onto a core pin or a mandrel, and over-
molding the surface of the substrate onto the first
portion of the first plurality of nanofibers on the core
pin or mandrel.

Example 13 is the method of any of Examples 8-12,
further comprising electro-spinning a second plural-
ity of nanofibers onto the first plurality of nanofibers
before incorporating at least one antimicrobial drug
within pores formed by the second portion of the first
plurality of nanofibers.

[0009] The second plurality of nanofibers can be ther-
mally bonded to the first plurality of nanofibers.

[0010] The second plurality of pores has an average
pore size that is smaller than an average pore size of the
first plurality of pores.

[0011] The implantable medical device may comprise
a second at least one antimicrobial drug disposed among
the second plurality of nanofibers, wherein the second
at least one antimicrobial drug can be the same or differ-
entthanthe atleast one antimicrobial drug disposed with-
in or among the second portion of the first plurality of
nanofibers.

[0012] The implantable medical device may comprise
a first plurality of nanofibers having an average diameter
ranging from about 100 nanometers to about 1,000 na-
nometers.

[0013] Electro-spinning a second plurality of nanofib-
ers onto the first plurality of nanofibers can be carried out
before incorporating atleast one antimicrobial drug within
pores formed by the second portion of the first plurality
of nanofibers.

[0014] Solidifying the surface of the substrate may in-
clude cross-linking the polymer substrate around the first
portion of the first plurality of nanofibers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1is a schematic illustration of implantable med-
ical devices in accordance with some embodiments
of the disclosure.

FIG. 2 is a schematic cross-sectional view of a por-
tion of the implantable medical electrical lead of FIG.
1 showing a suture sleeve about the lead body.
FIG. 3is an enlarged schematic cross-sectional view
of a portion of the suture sleeve of FIG. 2 illustrating
the outer surface of the suture sleeve.
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FIG. 4 is a schematic cross-sectional view of the por-
tion of the suture sleeve of FIG. 3 illustrating a drug
eluting layer on the outer surface of the suture
sleeve.

FIG. 5is a schematic cross-sectional view of the por-
tion of the suture sleeve of FIG. 4 illustrating a drug
eluting layer on the outer surface of the suture
sleeve, according to some embodiments.

FIG. 6 is a schematic cross-sectional view of the por-
tion of the suture sleeve of FIG. 5 illustrating another
embodiment of a drug eluting layer on the outer sur-
face of the suture sleeve.

FIG. 7 is a schematic cross-sectional view of a por-
tion of the implantable medical electrical lead of FIG.
1 showing a ring about the lead body.

FIGS. 8, 9, and 10 are enlarged schematic cross-
sectional views of a portion of the ring of FIG. 7 il-
lustrating the formation of a drug eluting layer on an
inner surface of the ring.

FIG. 11 is a schematic cross-sectional view of the
portion of the ring 110 of FIG. 7 illustrating a drug
eluting layer on the inner surface of the ring.

DETAILED DESCRIPTION

[0016] A more complete understanding of the present
invention is available by reference to the following de-
tailed description of numerous aspects and embodi-
ments of the invention. The detailed description of the
invention which follows is intended to illustrate but not
limit the invention.

[0017] In accordance with various aspects of the dis-
closure, it is understood that the various embodiments
can be implemented in any suitable medical device im-
planted in a patient that includes an electrical lead elec-
trically connected to the housing, such as the cardiac
rhythm management (CRM) system described below.
For example, embodiments may be employed with a sub-
cutaneously-implanted implantable cardioverter-defibril-
lator (ICD) housing and lead system. Other such implant-
able medical devices include, without limitation, implant-
able cardiac monitors and neurostimulation systems
such as spinal cord stimulation or deep brain stimulation
devices.

[0018] FIG. 1is a schematic illustration of implantable
medical devices in accordance with some embodiments
of the disclosure. FIG. 1 shows a cardiac rhythm man-
agement (CRM) system 100 for delivering and/or receiv-
ing electrical pulses or signals to stimulate, shock, and/or
sense a heart 102. The CRM system 100 can include a
pulse generator 104, a medical electrical lead 106, a su-
ture sleeve 108, and aring 110. The pulse generator 104
includes apower source 112 as well as electronic circuitry
114. The power source 112 may be a battery. The elec-
tronic circuitry 114 may be configured to generate a se-
ries of timed electrical discharges or pulses. The pulse
generator 104 may be implanted into a subcutaneous
pocket made in the wall of the chest. Alternatively, the
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pulse generator 104 may be placed in a subcutaneous
pocket made in the abdomen, or in another location. It
should be noted that while the medical electrical lead 106
is illustrated for use with a heart 102, the medical elec-
trical lead 106 is suitable for other forms of electrical stim-
ulation/sensing as well.

[0019] In some embodiments, the medical electrical
lead 106 extends from a proximal end 116, where it is
coupled with the pulse generator 104, to a distal end 118,
which is coupled with a portion of the heart 102, when
implanted or otherwise coupled therewith. The medical
electrical lead 106 includes a lead body 120 extending
generally from the proximal end 116 to the distal end 118.
The lead body 120 may be a tubular structure. Disposed
along a portion of the medical electrical lead 106, for ex-
ample near the distal end 118, may be at least one elec-
trode 122 which electrically couples the medical electrical
lead 106 with the heart 102. At least one electrical con-
ductor 124 (shown in FIG. 2) may be disposed within the
lead body 120 and extend generally from the proximal
end 116 to the distal end 118. The at least one electrical
conductor 124 electrically connects the electrode 122
with the proximal end 116 of the medical electrical lead
106 to couple the electrode 122 to the pulse generator
104. The electrical conductor 124 carries electrical cur-
rent and pulses between the pulse generator 104 and
the electrode 122, and to and from the heart 102.
[0020] The medical electrical lead 106 can be secured
in place by the suture sleeve 108 as described below in
reference to FIG. 2. Migration and dislodgment of the
medical electrical lead 106 may be discouraged by se-
curing the suture sleeve 108 about the lead body 120
and suturing the suture sleeve 108 to the patient’s tissue.
The suture sleeve 108 can be animplantable drug eluting
device, according to embodiments of the disclosure.
[0021] Additionally or alternatively, the ring 110 can
also be a drug eluting device, according to embodiments
of the disclosure. The ring 110 fits around the lead body
120 and may be disposed anywhere along the length of
the lead body 120. The ring 110 can be an implantable
drug eluting device, according to embodiments of the dis-
closure.

[0022] Embodiments according to the disclosure, such
as the suture sleeve 108 and the ring 110, may elute at
least one antimicrobial drug. The eluting antimicrobial
drug can weaken or kill bacteria adhering to the surface
of the suture sleeve 108 or the ring 110 as a result of, for
example, the suture sleeve 108 or ring 110 being set
down on operating spaces and/or being moved around
during implantation of the CRM system 100. Once the
CRM system 100 is implanted, a sufficient dosage of the
at least one antimicrobial drug can elute from the suture
sleeve 108 within the subcutaneous pocket and/or the
ring 110 in the subcutaneous pocket or the venous path-
way to reduce incidence and/or severity of a pocket in-
fection or endocarditis.

[0023] In some embodiments, the at least one antimi-
crobial drug can include a broad-spectrum antibiotic,
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such as minocycline; or a narrow-spectrum antibiotic,
such as rifampin. A broad-spectrum antibiotic is an anti-
microbial drug that acts against a wide range of disease-
causing bacteria, e.g. against both Gram-positive and
Gram-negative bacteria. A narrow-spectrum antibiotic is
an antimicrobial drug that acts against a single family of
bacteria, e.g. Gram-positive or Gram-negative, but not
both. In some embodiments, the at least one antimicro-
bial drug can include a combination of a broad-spectrum
antibiotic and a narrow-spectrum antibiotic, such as a
combination of minocycline and rifampin. In some em-
bodiments, the atleast one antimicrobial drug caninclude
daptomycin, sulfonamide drugs, B-lactams, and/or van-
comycin.

[0024] Although the embodiment shown in FIG. 1 is
illustrated with one suture sleeve 108 and one ring 110,
it is understood that embodiments may include only one
of either the suture sleeve 108 or the ring 110. Embodi-
ments may also include more than one suture sleeve 108
and/or more than one ring 110. For example, more rings
110 may be added to increase the dosage of the at least
one antimicrobial drug delivered to the subcutaneous
pocket.

[0025] FIG. 2 is a schematic cross-sectional view of a
portion of the implantable medical electrical lead 106 of
FIG. 1 showing the suture sleeve 108 about the lead body
120. In the embodiment shown in FIG. 2, the lead body
120 includes a tubular structure 126 definingalead lumen
128. The electrical conductor 124 extends through the
lead lumen 128 from the proximal end 116 to the elec-
trode 122 (FIG. 1). The suture sleeve 108 includes an
outer surface 130 and an inner surface 132. In the em-
bodiment of FIG. 2, the suture sleeve 108 also includes
at least one suture groove 134 (three shown) in the outer
surface 130 extending around the circumference of the
suture sleeve 108. The inner surface 132 defines a suture
sleeve lumen 136 extending the length of the suture
sleeve 108. A diameter of the suture sleeve lumen 136
is greater than a diameter of the lead body 120 such that
the suture sleeve lumen 136 may be moved along the
lead body 120 to a position adjacent to tissue suitable
for attachment. Once the suture sleeve lumen 136 is po-
sitioned adjacent to tissue, sutures (not shown) may be
tightly wrapped around the suture sleeve 108 in the su-
ture grooves 134 and sutured to the patient’s tissue. The
tightly wrapped sutures in the suture grooves 134 can
compress the inner surface 132 of the suture sleeve 108
adjacent to the suture grooves 134 against the lead body
120, securing the lead body 120 within the suture sleeve
108.

[0026] The suture sleeve 108 can be drug eluting, as
describe below. It has been found that bacteria may mi-
grate along the lead body 120. Bacteria growth can be
particularly aggressive under the edge of the suture
sleeve 108 in suture sleeve lumen 136. The antimicrobial
drug eluting from suture sleeve 108 can kill bacteria along
the lead body 120 and within the pocket adjacent to the
suture sleeve 108 to reduce pocket infections, bactere-
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mia, or endocarditis.

[0027] FIG. 3 (not according to the invention) is an en-
larged schematic cross-sectional view of a portion of the
suture sleeve 108 of FIG. 2 illustrating the outer surface
130 of the suture sleeve 108. As shown in FIG. 3, the
suture sleeve 108 includes a first plurality of nanofibers
138 and a suture sleeve body 140. The suture sleeve
body 140 can be formed of any suitable biostable, bio-
compatible polymer, such as a silicone or a polyurethane.
Thus, the suture sleeve body 140 can be a polymer sub-
strate. The suture sleeve body 140 can be formed by any
suitable means including, for example, by molding. Each
nanofiber of the first plurality of nanofibers 138 includes
a first portion 142 and a second portion 144. Each na-
nofiber of the first plurality of nanofibers 138 can wind its
way into and out of the suture sleeve body 140 to define
the first portion 142 and the second portion 144. The first
portion 142 is defined as those portions of the nanofiber
that are embedded in, or interpenetrated with, at least a
portion of the suture sleeve body 140 at the outer surface
130. The first portion 142 can extend from the outer sur-
face 130 into the suture sleeve body 140 to a depth D.
The first portion 142 is mechanically fixed to the substrate
by virtue of the embedded, interpenetrating structure.
[0028] The second portion 144 is defined as those por-
tions of the nanofiber that project from the outer surface
130. The projecting nanofibers of second portion 144
form a first plurality of interstitial spaces, or pores 146,
between adjacent nanofibers or portions of nanofibers of
the first plurality of nanofibers 138.

[0029] The depth D to which the first portion 142 ex-
tends may be as small as about 10 microns, about 20
microns, or about 30 microns, or as great as about 50
microns, about 60 microns, or about 125 microns, or may
extend an amount within any range defined between any
pair of the foregoing values. The depth D may range from
about 10 microns to about 125 microns, about 20 microns
to about 60 microns, or about 30 microns to about 50
microns. The depth D may be about 40 microns.

[0030] The first plurality of nanofibers 138 can have an
average diameter as small as about 100 nanometers,
about 200 nanometers, or about 400 nanometers, or as
large as about 600 nanometers, about 800 nanometers,
or about 1,000 nanometers, or have an average diameter
between any of the preceding average diameters. The
average diameter of the first plurality of nanofibers 138
can range from about 100 nanometers to about 1,000
nanometers, about 200 nanometers to about 800 nanom-
eters, or about 400 nanometers to about 600 nanome-
ters. The average diameter may be determined by aver-
aging measurements of the average diameter among the
first plurality of nanofibers 138. The size of the first plu-
rality of pores 146 may vary with the average diameter
of the first plurality of nanofibers 138, with a larger aver-
age diameter resulting in a larger average size of the first
plurality of pores 146.

[0031] The first plurality of nanofibers 138 may include
any suitable biocompatible polymer that can be formed
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into nanofibers. In some embodiments in which the first
plurality of nanofibers 138 is biostable, the first plurality
of nanofibers 138 can include a fluoropolymer, such as
polytetrafluoroethylene (PTFE), polyvinlyidene fluoride
(PVDF), or poly(vinylidene fluoride-co-hexafluoropro-
pene) (PVDF-HPV); a polyurethane, such as polyether
polyurethane,  polycarbonate  polyurethane, or
polyisobutylene-polyurethane (PIB-PUR); or styrene-
isobutylene-styrene (SIBS). In other embodiments in
which the first plurality of nanofibers 138 is bioresorbable,
the first plurality of nanofibers 138 caninclude poly(lactic-
co-glycolic) acid (PLGA), polycaprolactone (PCL), poly-
L-lactide (PLLA), or poly(lactide-co-glycolide)-block-po-
ly(ethylene glycol). The first plurality of nanofibers 138
can be formed by electro-spinning, as is known in the art.
[0032] The first portion 142 of the first plurality of na-
nofibers 138 is interpenetrated with or embedded in the
suture sleeve body 140 while the suture sleeve body 140
is in a liquid or semi-liquid state and the second portion
144 projects away from the outer surface 130. When the
suture sleeve body 140 solidifies, the first portion 142 is
embedded in the suture sleeve body 140 and the second
portion 144 projects away from the outer surface 130.
The suture sleeve body 140 can be made of a thermoset
polymer, such as a silicone, the first portion 142 of the
first plurality of nanofibers 138 can be interpenetrated
with the suture sleeve body 140 while the polymer is in
a liquid or semi-liquid state before it is solidified by curing
or cross-linking portions of the polymer around portions
of the first portion 142. When the suture sleeve body 140
is made of a thermoplastic polymer, the first plurality of
nanofibers 138 can be interpenetrated with the suture
sleeve body 140 while the polymer is in a liquid or semi-
liquid state created by heating the polymer to melt or
soften a portion of the suture sleeve body 140 at the outer
surface 130, or by dissolution of the portion of the suture
sleeve body 140 at the outer surface 130 in a suitable
solvent. For example, if the suture sleeve body 140 is
formed of a polyurethane, then tetrahydrofuran or
dimethylformamide may be used to soften the suture
sleeve body 140, creating a semi-liquid state. Once the
first portion 142 of the first plurality of nanofibers 138 has
interpenetrated the suture sleeve body 140, the suture
sleeve body 140 can be cooled, or the solvent permitted
to evaporate, to solidify the suture sleeve body 140, me-
chanically fixing the first portion 142 within the suture
sleeve body 140.

[0033] Interpenetrating the first portion 142 of the first
plurality of nanofibers 138 within the suture sleeve body
140 may include electro-spinning a nanofiber directly into
the suture sleeve body 140 while the portion of the suture
sleeve body 140 at the outer surface 130 is in a liquid or
semi-liquid state.

[0034] The at least one antimicrobial drug can be
blended with a bioresorbable polymer, such as any men-
tioned above, and the first plurality of nanofibers 138
formed from this blend by electro-spinning, thus forming
a drug eluting layer 145. The antimicrobial drug is dis-
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posed within the first plurality of nanofibers 138. That is,
the antimicrobial drug is integrated into the bioresorbable
polymer itself such that as the bioresorbable polymer is
broken down by the body, the antimicrobial drug is re-
leased from the first plurality of nanofibers 138. In this
way, the antimicrobial drug and the plurality of nanofibers
138 can be configured to elute the antimicrobial drug from
within the first plurality of nanofibers 138 as they are bi-
oresorbed by the body. As used herein, a bioresorbable
polymer is a polymer that may be broken down by bio-
logical systems to such an extent that it may be com-
pletely eliminated from the body. This is in contrast to a
bioabsorbable polymer which is a polymer that may be
broken down by biological systems, but not necessarily
to the extent that it may be completely eliminated from
the body.

[0035] FIG. 4 is a schematic cross-sectional view of
the portion of the suture sleeve 108 of FIG. 3 illustrating
another alternative of the drug eluting layer 145 on the
outer surface 130 of the suture sleeve 108. As shown in
the embodiment of FIG. 4, the suture sleeve 108 can
further includes an antimicrobial drug component 148
disposed within at least some of the first plurality or pores
146, thus forming the drug eluting layer 145. The antimi-
crobial drug component 148 can consist of one or more
antimicrobial drugs contained in the first plurality of pores
146. The rate of elution of the one or more antimicrobial
drugs can be controlled by the size of the first plurality of
pores 146, with smaller pores resulting in a lower elution
rate. The antimicrobial drug component 148 can include
a colloid suspension of the one or more antimicrobial
drugs. The colloid suspension may be stabilized by ad-
dition of poly(ethylene glycol).

[0036] The antimicrobial drug component 148 further
includes a suitable hydrophilic polymer, such as poly(eth-
ylene glycol), that has been blended with the least one
antimicrobial drug. After being disposed within the pores
146 by, for example, diffusion or absorption, and then
cross-linked around and between at least some of the
second portion 144 to mechanically fix the antimicrobial
drug component 148 to the first plurality of nanofibers
138. In this way, the at least one antimicrobial drug and
the plurality of nanofibers 138 can be configured to elute
the antimicrobial drug from among the first plurality of
nanofibers 138.

[0037] The poly(ethylene glycol) can include a radical
initiator compound that generates free radicals when ex-
posed to energy, such as ultraviolet radiation or heat.
The free radicals can initiate cross-linking of the poly(eth-
ylene glycol). Examples of suitable UV initiator com-
pounds include (4-bromophenyl)diphenylsulfonium tri-
flate, (4-fluorophenyl)diphenylsulfonium triflate, (4-iodo-
phenyl)diphenylsulfonium triflate,  (4-methoxyphe-
nyl)diphenylsulfonium triflate, (4-methylphenyl)diphenyl-
sulfonium triflate, (4-methylthiophenyl)methyl phenyl sul-
fonium triflate, (4-phenoxyphenyl)diphenylsulfonium tri-
flate, (4-phenylthiophenyl)diphenylsulfonium triflate, (4-
tert-butylphenyl)diphenylsulfonium ftriflate, (cumene)cy-
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clopentadienyliron(ll) hexafluorophosphate, (tert-butox-
ycarbonylmethoxynaphthyl)-diphenylsulfonium triflate,
1-naphthyl diphenylsulfonium triflate, 2-(4-methoxystyr-
yl)-4,6-bis(trichloromethyl)-1,3,5-triazine, bis(4-tert-
butylphenyl)iodonium perfluoro-1-butanesulfonate ,
bis(4-tert-butylphenyl)iodonium p-toluenesulfonate,
bis(4-tert-butylphenyl)iodonium triflate, boc-methoxy-
phenyldiphenylsulfonium triflate, diphenyliodonium hex-
afluorophosphate, diphenyliodonium nitrate, diphenylio-
donium perfluoro-1-butanesulfonate, diphenyliodonium
p-toluenesulfonate, diphenyliodonium ftriflate, N-hy-
droxy-5-norbornene-2,3-dicarboximide perfluoro-1-bu-
tanesulfonate, N-hydroxynaphthalimide friflate, triaryl-
sulfonium hexafluoroantimonate salts, triphenylsulfo-
nium perfluoro-1-butanesufonate, triphenylsulfonium tri-
flate, tris(4-tert-butylphenyl)sulfonium perfluoro-1-bu-
tanesulfonate, and tris(4-tert-butylphenyl)sulfonium tri-
flate. Examples of suitable thermal initiator compounds
include azobisisobutyronitrile (AIBN), dibenzoyl perox-
ide, N-benzyl pyridinium bromide, N-benzyl o-cyano py-
ridinium bromide, N-benzyl p-cyanopyridinium bromide,
N-benzyl N, N-dimethyl anilinium bromide, and benzyl
triphenyl phosphonium bromide.

[0038] Thus the cross-linked poly(ethylene glycol) of
the antimicrobial drug component 148 can include a res-
idue of a cross-linking initiator. For example, the initiator
residue may include, for example, a residue of any of the
ultraviolet initiators or the thermal initiators describe
above.

[0039] According to FIG. 4, the second portion 144 of
the first plurality of nanofibers 138 can be formed as de-
scribed above in reference to FIG. 3, and coated with the
antimicrobial drug component 148 so that it can be dis-
posed into the first plurality of pores 146. Coating the
second portion 144 with the antimicrobial drug compo-
nent 148 can included dipping the outer surface 130 into
the at least one antimicrobial drug or the blend of the at
least one antimicrobial drug and the poly(ethylene glycol)
in a liquid state. Coating the second portion 144 with the
antimicrobial drug component 148 can include spraying
the at least one antimicrobial drug or the blend of the at
least one antimicrobial drug and the poly(ethylene glycol)
in a liquid state onto the outer surface 130.

[0040] The cross-linked poly(ethylene glycol) of the an-
timicrobial drug component 148 can be covalently bond-
ed to the second portion 144 of the first plurality of na-
nofibers 138, in addition to being mechanically fixed to
the second portion 144. The cross-linked poly(ethylene
glycol) is both chemically and mechanically fixed to the
second portion 144. Incorporating the antimicrobial drug
component 148 into the first plurality of pores 146 can
include exposing the second portion 144 and the antimi-
crobial drug component 148 including the poly(ethylene
glycol) and the atleast one antimicrobial drug to a plasma
that contains argon. Free radicals formed by the argon-
containing plasma produce reactive sites for covalent
bonding of the poly(ethylene glycol) to the second portion
144 of the first plurality of nanofibers 138. The argon-



11 EP 3 554 572 B1 12

containing plasma does not include oxygen, as the oxy-
gen has been found to deteriorate the first plurality of
nanofibers 138. The argon-containing plasma can pro-
duced from a flow of argon gas at a pressure of about
250 mTorr and an applied radio-frequency power of
about 200 Watts. The second portion 144 and the first
plurality of nanofibers 138 can be exposed to the plasma
for a time ranging from about 60 seconds to about 180
seconds.

[0041] The free radicals generated by exposure to the
argon-containing plasma not only provide reactive sites
for covalent bonding of the poly(ethylene glycol) to the
second portion 144, but may also provide free radicals
for the cross-linking of the poly(ethylene glycol). There
may be no need for an ultraviolet initiator or a thermal
initiator, and no initiator residues present in the cross-
linked poly(ethylene glycol) portion of the antimicrobial
drug component 148.

[0042] FIG. 5 is a schematic cross-sectional view of
the portion of the suture sleeve 108 of FIG. 4 illustrating
an embodiment of the drug eluting layer 145 on the outer
surface 130 of the suture sleeve 108. As shown in the
embodiment of FIG. 5, the suture sleeve 108 includes a
second plurality of nanofibers 150 disposed on the first
plurality of nanofibers 138. The second plurality of na-
nofibers 150 may be formed by electro-spinning, as with
the first plurality of nanofibers 138, forming a second plu-
rality of interstitial spaces, or pores 152, between adja-
cent nanofibers 150. The second plurality of nanofibers
150 with pores 152 can limit the rate of elution of the one
or more antimicrobial drugs from the antimicrobial drug
component 148 by providing a barrier through which the
antimicrobial drugs must diffuse.

[0043] In some embodiments, the second plurality of
nanofibers 150 can be formed on the first plurality of na-
nofibers 138 by electro-spinning. In some embodiments,
the second plurality of nanofibers 150 can be electro-
spun onto the first plurality of nanofibers 138 before in-
corporating the antimicrobial drug component 148 within
the first plurality of pores 146, as described above in ref-
erenceto FIG. 4. In some other embodiments, the second
plurality of nanofibers 150 can be electro-spun onto the
first plurality of nanofibers 138 after incorporating the an-
timicrobial drug component 148 within the first plurality
of pores 146, as described above in reference to FIG. 4.
[0044] In some embodiments, the second plurality of
nanofibers 150 can be partially interwoven with the first
plurality of nanofibers 138 as a result of electro-spinning
the second plurality of nanofibers 150 directly onto the
first plurality of nanofibers 138. In some embodiments,
the second plurality of nanofibers 150 can be thermally
bonded to the first plurality of nanofibers 138.

[0045] In some embodiments, the second plurality of
nanofibers 150 may include any suitable biocompatible
polymer that can be formed into nanofibers. In some em-
bodiments in which the second plurality of nanofibers 150
is biostable, the second plurality of nanofibers 150 can
include a fluoropolymer, such as polytetrafluoroethylene
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(PTFE), polyvinlyidene fluoride (PVDF), or poly(vinyli-
dene fluoride-co-hexafluoropropene) (PVDF-HPV); a
polyurethane, such as polyether polyurethane, polycar-
bonate polyurethane, or polyisobutylene-polyurethane
(PIB-PUR); or styrene-isobutylene-styrene (SIBS). In
some embodiments, the second plurality of nanofibers
150 can be formed by electro-spinning, as is known in
the art.

[0046] In some embodiments, the second plurality of
nanofibers 150 can have an average diameter as small
as about 100 nanometers, about 200 nanometers, or
about 400 nanometers, or as large as about 600 nanom-
eters, about 800 nanometers, or about 1,000 nanome-
ters, or have an average diameter between any of the
preceding average diameters. In some embodiments,
the average diameter of second plurality of nanofibers
150 canrange from about 100 nanometers to about 1,000
nanometers, about 200 nanometers to about 800 nanom-
eters, or about 400 nanometers to about 600 nanome-
ters. The average diameter may be determined by aver-
aging measurements of the average diameter among the
second plurality of nanofibers 150. The size of the second
plurality of pores 152 may vary with the average diameter
of the second plurality of nanofibers 150, with a larger
average diameter resulting in a larger average size of
the second plurality of pores 152. In some embodiments,
the size of the second plurality of pores 152 can be small-
er than the size of the first plurality of pores 146 to further
limit the rate of elution of the one or more antimicrobial
drugs from the antimicrobial drug component 148.
[0047] FIG. 6 is a schematic cross-sectional view of
the portion of the suture sleeve 108 of FIG. 5 illustrating
another embodiment of the drug eluting layer 145 on the
outer surface 130 of the suture sleeve 108. As shown in
the embodiment of FIG. 6, the suture sleeve 108 can
further includes an antimicrobial drug component 154
disposed within at least some of the second plurality of
pores 152. The antimicrobial drug component 154 can
be as described above for any of the embodiments of the
antimicrobial drug component 148. The rate of elution of
the one or more antimicrobial drugs can be controlled by
the size of the second plurality of pores 152, with smaller
pores resulting in a lower elution rate.

[0048] In some embodiments, the antimicrobial drug
component 154 can be identical to the antimicrobial drug
component 148. In other embodiments, the antimicrobial
drug component 154 can be different from the antimicro-
bial drug component 148. For example, in some embod-
iments, the antimicrobial drug component 154 may be
configured to elute over a shorter period of time to provide
a strong, initial dose against any bacteria on the suture
sleeve 108 at the time of implantation, while the antimi-
crobial drug component 148 may be configured to elute
over a longer period of time to provide on-going antimi-
crobial protection within the subcutaneous pocket. In
some embodiments, the period of time for the antimicro-
bial drug component 154 to elute can be up to 2 hours,
up to 4 hours, or up to 6 hours or up to any time between
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any to the preceding times. In some embodiments, the
period of time for the antimicrobial drug component 148
to elute can be up to 6 hours, up to 10 hours, up to 24
hours, up to 2 days, up to 4 days, up to 6 days, up to 1
week, up to 2 weeks, up to 3 weeks, up to 4 weeks, up
to 2 months, up to 4 months, or up to 6 months, or up to
any period of time between any two of the preceding
times.

[0049] FIGS. 7-11 describe a drug eluting layer on an
inner surface of the ring 110 (not according to the inven-
tion). FIG. 7 is a schematic cross-sectional view of a por-
tion of the implantable medical electrical lead 106 of FIG.
1showingthering 110 aboutthe lead body 120. As shown
in FIG. 7, the ring 110 includes an outer surface 156 and
an inner surface 158. The inner surface 158 defines a
ring lumen 160 extending the length of the ring 110. A
diameter of the ring lumen 160 is greater than a diameter
of the lead body 120 such that the ring lumen 160 may
be moved along the lead body 120 to a suitable location
within the subcutaneous pocket.

[0050] The ring 110 can be drug eluting, as describe
below. It has been found that bacteria may migrate along
the lead body 120. As with the suture sleeve 108 de-
scribed above, the antimicrobial drug eluting from ring
110 can kill bacteria along the lead body 120 and within
the pocket to reduce pocket infections, bacteremia, or
endocarditis.

[0051] FIGS. 8-10 are enlarged schematic cross-sec-
tional views illustrating the formation of a drug eluting
layer on the inner surface 158 of the ring 110. FIG. 8
shows a core pin or mandrel 162 and a plurality of na-
nofibers 164 disposed onto the core pin or mandrel 162.
The plurality of nanofibers 164 can be similar or identical
to the first plurality of nanofibers 138 described above in
reference to FIGS. 3 and 4. The plurality of nanofibers
164 can be electro-spun onto the core pin or mandrel
162. The core pin or mandrel 162 can be rotated while
the plurality of nanofibers 164 is electro-spun onto the
core pin or mandrel 162.

[0052] After the plurality of nanofibers 164 is formed
onto the core pin or mandrel 162, the plurality of nanofib-
ers 164 and the core pin or mandrel 162 can be over-
molded with a ring body 166 to form the ring 110 with the
inner surface 158, as shown in FIG. 9. The ring body 166
can be formed of any suitable biostable, biocompatible
polymer, such as a silicone or a polyurethane. Thus, the
ring body 166 can be a polymer substrate. For example,
the body 166 can be made of silicone, in which case liquid
silicone rubber is injected into a mold (not shown) con-
taining the core pin or mandrel 162 and the plurality of
nanofibers 164. The liquid silicone rubber does not fully
penetrate through the plurality of nanofibers 164 to the
core pin or mandrel 162 because of its relatively high
viscosity and the relatively small size of the spaces
formed among the plurality of nanofibers 164 as itis elec-
tro spun onto the core pin or mandrel 162. Thus, the inner
surface 158 is spaced apart from the core pin or mandrel
162.
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[0053] Each nanofiber of the plurality of nanofibers 164
includes a first portion 168 and a second portion 170.
Each nanofiber of the plurality of nanofibers 164 can wind
its way into and out of the ring body 166 to define the first
portion 168 and the second portion 170. The first portion
168 is defined as those portions of the nanofiber that are
embedded in, or interpenetrated with, at least a portion
of the ring body 166 at the inner surface 158. The first
portion 168 can extend from the inner surface 158 into
the ring body 166 to a depth D. The first portion 168 is
mechanically fixed to the substrate by virtue of the em-
bedded, interpenetrating structure.

[0054] The second portion 170 is defined as those por-
tions of the nanofiber that project from the inner surface
158. The projecting nanofibers of second portion 170
form a plurality of interstitial spaces, or pores 174, be-
tween adjacent nanofibers or portions of nanofibers of
the plurality of nanofibers 164.

[0055] After the silicone cross-links or cures, the core
pin or mandrel 162 can be removed, as shown in FIG.
10, forming a drug eluting layer 172 on the inner surface
158 of the ring 110 similar to the embodiments described
above in reference to FIG. 3 on the outer surface 130 of
the suture sleeve 108.

[0056] FIG. 11 is a schematic cross-sectional view of
the portion of the ring 110 of FIG. 7 illustrating the drug
eluting layer 172 on the inner surface 158 of the ring 110.
As shown in FIG. 11, the ring 110 can further include an
antimicrobial drug component 176 disposed within at
least some of the plurality of pores 174, thus forming the
drugeluting layer 172. The antimicrobial drug component
176 can the same as any of the embodiments of the an-
timicrobial drug component 148 described above in ref-
erence to FIG. 4.

[0057] Although FIGS. 7-11 are directed to the drug
eluting layer 172 formed on the inner surface 158 of the
ring 110, it is understood that these disclosures may also
be applied to the inner surface 132 of the suture sleeve
108. Similarly, although FIGS. 3-6 are directed to the
drug eluting layer 145 formed on the outer surface 130
of the suture sleeve 108, it is understood that these dis-
closures may also be applied to the outer surface 156 of
the ring 110.

[0058] Although poly(ethylene glycol) is described as
the hydrophilic polymer in the above embodiments, other
suitable hydrophilic polymers can include polyvinylpyr-
rolidone (PVP), poly(2-methyl-2-oxazoline), poly(2-
ethyl-2-oxazoline, poly(ethylene glycol) methacrylate,
and hydroxypropyl cellulose. In some embodiments, the
hydrophilic polymer may be a hydroxy-terminated poly-
mer, such as poly(ethylene glycol). In other embodi-
ments, the hydrophilic polymer may be terminated by a
different functional group that may aid in cross-linking.
For example, the poly(ethylene glycol) can be terminated
with a methacrylate group.
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Claims

1.

An implantable drug eluting medical device (100)
comprising:

- a polymer substrate (140) having a surface
(130);

- a first plurality of nanofibers (138), each na-
nofiber (138) including:

- a first portion (142) interpenetrated with
the surface (130) of the substrate (140) to
mechanically fix the nanofiber (138) to the
substrate (140); and

- a second portion (144) projecting from the
surface (130), the second portion (144) of
the first plurality of nanofibers (138) forming
a first plurality of pores (146);

- a second plurality of nanofibers (150) disposed
on the first plurality of nanofibers (138), the sec-
ond plurality of nanofibers (150) forming a sec-
ond plurality of pores (152); and

- at least one antimicrobial drug (148) disposed
within at least some of the first plurality of pores
(146).

The implantable medical device (100) of claim 1,
wherein the first plurality of nanofibers (138) is
formed of a bioresorbable polymer.

The implantable medical device (100) of claim 1, fur-
therincluding cross-linked poly(ethylene glycol) con-
taining the at least one antimicrobial drug (148), the
cross-linked poly(ethylene glycol) containing the at
least one antimicrobial drug (148) disposed within
the first plurality of pores (146)and mechanically
fixed to the second portion (144) of the first plurality
of nanofibers (138).

The implantable medical device (100) of claim 3,
wherein the cross-linked poly(ethylene glycol) con-
taining the at least one antimicrobial drug (148) is
bonded to the second portion (144) of the first plu-
rality of nanofibers (138) by covalent bonds.

The implantable medical device (100) of any of
claims 1-4, wherein the second plurality of nanofib-
ers (150) are thermally bonded to the first plurality
of nanofibers (138).

The implantable medical device (100) of any of
claims 1-5, wherein the second plurality of pores
(152) has an average pore size that is smaller than
an average pore size of the first plurality of pores
(146).

The implantable medical device (100) of any of
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10.

claims 1-6, further comprising a second at least one
antimicrobial drug (148) disposed among the second
plurality of nanofibers (150), wherein the second at
least one antimicrobial drug (148) can be the same
or different than the at least one antimicrobial drug
(148) disposed within the second portion (144) of the
first plurality of nanofibers (138).

A method of forming a drug eluting layer (145) on a
surface (130) of a polymer substrate (140) of an im-
plantable medical device (100), the method compris-

ing:

- interpenetrating a first portion (142) of a first
plurality of nanofibers (138) within the surface
(130) of the substrate (140), the surface (130)
of the substrate (140) being in a liquid or semi-
liquid state;

- solidifying the surface (130) of the substrate
(140), wherein the first portion (142) of the first
plurality of nanofibers (138) is mechanically
fixed within the surface (130) of the substrate
(140) and a second portion (144) of the first plu-
rality of nanofibers (138) projects away from the
surface (130);

- incorporating at least one antimicrobial drug
(148) within a first plurality of pores (146) formed
by the second portion (144) of the first plurality
of nanofibers (138); and

- electro-spinning a second plurality of nanofib-
ers (150) onto the first plurality of nanofibers
(138), the second plurality of nanofibers (150)
forming a second plurality of pores (152).

The method of claim 8, wherein incorporating the at
least one antimicrobial drug (148) within pores (146)
formed by the second portion (144) of the first plu-
rality of nanofibers (138) includes:

- blending the at least one antimicrobial drug
(148) with a poly(ethylene glycol);

- disposing the blend of the at least one antimi-
crobial drug (148) and the poly(ethylene glycol)
into the pores (146); and

- cross-linking the poly(ethylene glycol) to me-
chanically fix the blend of the at least one anti-
microbial drug (148) and the poly(ethylene gly-
col) to the second portion (144) of the first plu-
rality of nanofibers (138).

The method of claim 9, further including exposing
the second portion (144) of the first plurality of na-
nofibers (138) and the blend of the at least one an-
timicrobial drug (148) and the poly(ethylene glycol)
to an argon-containing plasma to covalently bond
the cross-linked poly(ethylene glycol) to the second
portion (144) of the first plurality of nanofibers (138).
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The method of any of claims 8-10, wherein interpen-
etrating the first portion (168) of the first plurality of
nanofibers (164) within the surface (158) of the sub-
strate (166) includes electro-spinning the first plural-
ity of nanofibers (164) directly into the surface (158)
of the substrate (166).

The method of any of claims 8-10, wherein interpen-
etrating the first portion (168) of the first plurality of
nanofibers (164) within the surface (158) of the sub-
strate (166) includes:

- electro-spinning the first plurality of nanofibers
(164) onto a core pin or a mandrel (162); and

- over-molding the surface (158) of the substrate
(166) onto the first portion (168) of the first plu-
rality of nanofibers (164) on the core pin or man-
drel (162).

The method of any of claims 8-12, wherein electro-
spinning the second plurality (150) of nanofibers onto
the first plurality of nanofibers (138, 164) is before
incorporating the at least one antimicrobial drug
(148, 154, 176) within the first plurality of pores (146,
174) formed by the second portion (144, 170) of the
first plurality of nanofibers (138, 164).

The method of any of claims 8-13, wherein electro-
spinning the second plurality of nanofibers (150) onto
the first plurality of nanofibers (138, 164) is after in-
corporating the at least one antimicrobial drug (148,
154, 176) within the first plurality of pores (146, 174)
formed by the second portion (144, 170) of the first
plurality of nanofibers (138, 164).

The method of any of claims 8-14, further comprising
incorporating a second at least one antimicrobial
drug (148, 154, 176) within the second plurality of
pores (152) formed by the second plurality of na-
nofibers (150).

Patentanspriiche

1.

Implantierbare medikamentenfreisetzende medizi-
nische Vorrichtung (100), umfassend:

- ein Polymersubstrat (140) mit einer Oberflache
(130);

- eine erste Vielzahl von Nanofasern (138), wo-
bei jede Nanofaser (138) aufweist:

- einen ersten Abschnitt (142), interpenet-
riert mit der Oberflache (130) des Substrats
(140), um die Nanofaser (138) mechanisch
an dem Substrat (140) zu befestigen; und

- einen zweiten Abschnitt (144), der von der
Oberflache (130) vorsteht, wobei der zweite
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Abschnitt (144) der ersten Vielzahl von Na-
nofasern (138) eine erste Vielzahl von Po-
ren (146) ausbildet;

- eine zweite Vielzahl von Nanofasern (150), an-
geordnet auf der ersten Vielzahl von Nanofa-
sern (138), wobei die zweite Vielzahl von Nano-
fasern (150) eine zweite Vielzahl von Poren
(152) ausbildet; und

- mindestens ein antimikrobielles Medikament
(148), angeordnet innerhalb mindestens einiger
von der ersten Vielzahl von Poren (146).

Implantierbare medizinische Vorrichtung (100) nach
Anspruch 1, wobei die erste Vielzahlvon Nanofasern
(138) aus einem bioresorbierbaren Polymer ausge-
bildet ist.

Implantierbare medizinische Vorrichtung (100) nach
Anspruch 1, ferner aufweisend quervernetztes Po-
ly(ethylenglycol), enthaltend das mindestens eine
antimikrobielle Medikament (148), wobei das quer-
vernetzte Poly(ethylenglycol) das mindestens eine
antimikrobielle Medikament (148) enthalt, angeord-
net innerhalb der ersten Vielzahl von Poren (146)
und mechanisch befestigt an dem zweiten Abschnitt
(144) der ersten Vielzahl von Nanofasern (138).

Implantierbare medizinische Vorrichtung (100) nach
Anspruch 3, wobei das quervernetzte, das mindes-
tens eine antimikrobielle Medikament (148) enthal-
tende Poly(ethylenglycol) durch kovalente Bindun-
gen an den zweiten Abschnitt (144) der ersten Viel-
zahl von Nanofasern (138) angebunden ist.

Implantierbare medizinische Vorrichtung (100) nach
einem der Anspriiche 1-4, wobei die zweite Vielzahl
von Nanofasern (150) thermisch an die erste Viel-
zahl von Nanofasern (138) gebunden sind.

Implantierbare medizinische Vorrichtung (100) nach
einem der Anspriiche 1-5, wobei die zweite Vielzahl
von Poren (152) eine durchschnittliche Porengrofie
aufweist, die kleiner als eine durchschnittliche Po-
rengréRe der ersten Vielzahl von Poren (146) ist.

Implantierbare medizinische Vorrichtung (100) nach
einem der Anspriiche 1-6, ferner umfassend ein
zweites, mindestens ein antimikrobielles Medika-
ment (148), angeordnet unter der zweiten Vielzahl
von Nanofasern (150), wobei das zweite, mindes-
tens eine antimikrobielle Medikament (148) das glei-
che oder ein anderes als das mindestens eine anti-
mikrobielle Medikament (148) sein kann, das inner-
halb des zweiten Abschnitts (144) derersten Vielzahl
von Nanofasern (138) angeordnet ist.

Verfahren zur Ausbildung einer medikamentenfrei-
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setzende Schicht (145) auf einer Oberflache (130)
eines Polymersubstrats (140) einer implantierbaren
medizinischen Vorrichtung (100), wobei das Verfah-
ren umfasst:

- Interpenetrieren eines ersten Abschnitts (142)
einer ersten Vielzahl von Nanofasern (138) in-
nerhalb der Oberflaiche (130) des Substrats
(140), wobeidie Oberflache (130) des Substrats
(140) in einem flissigen oder halbflissigen Zu-
stand ist;

- Verfestigen der Oberflache (130) des Subst-
rats (140), wobei der erste Abschnitt (142) der
ersten Vielzahl von Nanofasern (138) innerhalb
der Oberflache (130) des Substrats (140) me-
chanisch befestigt ist und ein zweiter Abschnitt
(144) der ersten Vielzahl von Nanofasern (138)
von der Oberflache (130) weg vorsteht;

- Einbinden mindestens eines antimikrobiellen
Medikaments (148) in eine erste Vielzahl von
Poren (146), ausgebildet durch den zweiten Ab-
schnitt (144) der ersten Vielzahl von Nanofasern
(138); und

- Elektrospinnen einer zweiten Vielzahl von Na-
nofasern (150) auf die erste Vielzahl von Nano-
fasern (138), wobei die zweite Vielzahl von Na-
nofasern (150) eine zweite Vielzahl von Poren
(152) ausbildet.

Verfahren nach Anspruch 8, wobei das Einbinden
des mindestens einen antimikrobiellen Medika-
ments (148) in Poren (146), ausgebildet von dem
zweiten Abschnitt (144) der ersten Vielzahl von Na-
nofasern (138), umfasst:

- Vermischen des mindestens einen antimikro-
biellen Medikaments (148) mit einem Poly(ethy-
lenglycol);

- Einlagern der Mischung aus dem mindestens
einen antimikrobiellen Medikament (148) und
dem Poly(ethylenglycol) in die Poren (146); und
- Quervernetzen des Poly(ethylenglycol), um die
Mischung aus dem mindestens einen antimikro-
biellen Medikament (148) und dem Poly(ethy-
lenglycol) an dem zweiten Abschnitt (144) der
ersten Vielzahl von Nanofasern (138) mecha-
nisch zu befestigen.

Verfahren nach Anspruch 9, ferner umfassend ein
Aussetzen des zweiten Abschnitts (144) der ersten
Vielzahl von Nanofasern (138) und der Mischung
aus dem mindestens einen antimikrobiellen Medika-
ment (148) und dem Poly(ethylenglycol) gegentiber
einem argonhaltigen Plasma, um das quervernetzte
Poly(ethylenglycol) kovalent an den zweiten Ab-
schnitt (144) der ersten Vielzahl von Nanofasern
(138) anzubinden.
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Verfahren nach einem der Anspriiche 8-10, wobei
Interpenetrieren des ersten Abschnitts (168) der ers-
ten Vielzahl von Nanofasern (164) innerhalb der
Oberflache (158) des Substrats (166) ein Elektro-
spinnen der ersten Vielzahl von Nanofasern (164)
direkt in die Oberflache (158) des Substrats (166)
beinhaltet.

Verfahren nach einem der Anspriiche 8-10, wobei
Interpenetrieren des ersten Abschnitts (168) der ers-
ten Vielzahl von Nanofasern (164) innerhalb der
Oberflache (158) des Substrats (166) beinhaltet:

- Elektrospinnen der ersten Vielzahl von Nano-
fasern (164) auf einen Kernstift oder Dorn (162);
und

- Uberspritzen der Oberflache (158) des Subst-
rats (166) auf den ersten Abschnitt (168) derers-
ten Vielzahl von Nanofasern (164) auf dem
Kernstift oder Dorn (162).

Verfahren nach einem der Anspriiche 8-12, wobei
Elektrospinnen der zweiten Vielzahl (150) von Na-
nofasern auf die erste Vielzahl von Nanofasern (138,
164) vor dem Einbinden des mindestens einen an-
timikrobiellen Medikaments (148, 154, 176) in der
ersten Vielzahl von Poren (146, 174), ausgebildet
durch den zweiten Abschnitt (144, 170) der ersten
Vielzahl von Nanofasern (138, 164), erfolgt.

Verfahren nach einem der Anspriiche 8-13, wobei
Elektrospinnen der zweiten Vielzahl von Nanofasern
(150) auf die erste Vielzahl von Nanofasern (138,
164) nach dem Einbinden des mindestens einen an-
timikrobiellen Medikaments (148, 154, 176) in der
ersten Vielzahl von Poren (146, 174), ausgebildet
durch den zweiten Abschnitt (144, 170) der ersten
Vielzahl von Nanofasern (138, 164), erfolgt.

Verfahren nach einem der Anspriiche 8-14, ferner
umfassend ein Einbinden eines zweiten, mindestens
einen antimikrobiellen Medikaments (148, 154, 176)
in der zweiten Vielzahl von Poren (152), ausgebildet
durch die zweite Vielzahl von Nanofasern (150).

Revendications

1.

Dispositif médical implantable d’élution de médica-
ment (100) comprenant :

- un substrat en polymere (140) qui comporte
une surface (130) ;

- une premiere pluralit¢ de nanofibres (138),
chaque nanofibre (138) incluant :

- une premiére section (142) qui est en in-
terpénétration avec la surface (130) du
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substrat en polymére (140) afin de fixer mé-
caniquement la nanofibre (138) sur le subs-
trat (140) ; et

- une seconde section (144) qui fait saillie
de la surface (130), la seconde section
(144) de la premiere pluralité de nanofibres
(138) formant une premiére pluralité de po-
res (146) ;

- une seconde pluralité de nanofibres (150) qui
est disposée sur la premiére pluralité de nano-
fibres (138), la seconde pluralité de nanofibres
(150) formant une seconde pluralité de pores
(152) ; et

- au moins un médicament antimicrobien (148)
qui est disposé a l'intérieur d’au moins certains
pores de la premiére pluralité de pores (146).

Dispositif médical implantable (100) selon la reven-
dication 1, dans lequel la premiére pluralité de na-
nofibres (138) est formée a partir d’'un polymere bio-
résorbable.

Dispositif médical implantable (100) selon la reven-
dication 1, incluant en outre un poly(éthylene glycol)
réticulé qui contient 'au moins un médicament anti-
microbien (148), le poly(éthyléene glycol) réticulé
contenant I'au moins un médicament antimicrobien
(148) qui est disposé a l'intérieur de la premiére plu-
ralité de pores (146) et qui est fixé mécaniquement
a la seconde section (144) de la premiére pluralité
de nanofibres (138).

Dispositif médical implantable (100) selon la reven-
dication 3, dans lequel le poly(éthyléne glycol) réti-
culé qui contient 'au moins un médicament antimi-
crobien (148) est lié a la seconde section (144) de
la premiére pluralité de nanofibres (138) par des
liaisons covalentes.

Dispositif médical implantable (100) selon 'une quel-
conque des revendications 1 a 4, dans lequel les
nanofibres de la seconde pluralité de nanofibres
(150) sont liées thermiquement aux nanofibres de la
premiere pluralité de nanofibres (138).

Dispositif médical implantable (100) selon I'une quel-
conque des revendications 1 a 5, dans lequel les
pores de la seconde pluralité de pores (152) présen-
tent une dimension de pore moyenne qui est plus
petite qu’'une dimension de pore moyenne des pores
de la premiére pluralité de pores (146).

Dispositif médical implantable (100) selon 'une quel-
conque des revendications 1 a 6, comprenant en
outre au moins un second médicament antimicro-
bien (148) qui est disposé au sein de la seconde
pluralité de nanofibres (150), dans lequel I'au moins
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un second médicament antimicrobien (148) peut
étre le méme que I'au moins un médicament antimi-
crobien (148) qui est disposé a l'intérieur de la se-
conde section (144) de la premiere pluralité de na-
nofibres (138) ou peut étre différent de celui-ci.

Procédé de formation d’une couche d’élution de mé-
dicament (145) sur une surface (130) d’un substrat
en polymeére (140) d’un dispositif médical implanta-
ble (100), le procédé comprenant :

- linterpénétration d’'une premiere section (142)
d'une premiére pluralité de nanofibres (138) a
I'intérieur de la surface (130) du substrat (140),
la surface (130) du substrat (140) étant dans un
état liquide ou semi-liquide ;

- la solidification de la surface (130) du substrat
(140), dans lequel la premiere section (142) de
la premiére pluralité de nanofibres (138) est
fixée mécaniquement a l'intérieur de la surface
(130) du substrat (140) et une seconde section
(144) de la premiére pluralité de nanofibres
(138) fait saillie de la surface (130) ;

- 'incorporation d’au moins un médicament an-
timicrobien (148) a l'intérieur d’'une premiere
pluralité de pores (146) qui sont formés par la
seconde section (144) de la premiére pluralité
de nanofibres (138) ; et

- I'électrofilage d’'une seconde pluralité de na-
nofibres (150) sur la premiére pluralité de nano-
fibres (138), la seconde pluralité de nanofibres
(150) formant une seconde pluralité de pores
(152).

Procédé selon la revendication 8, dans lequel I'in-
corporation de I'au moins un médicament antimicro-
bien (148) a l'intérieur des pores (146) qui sont for-
més par la seconde section (144) de la premiére
pluralité de nanofibres (138) inclut :

- le mélange de I'au moins un médicament an-
timicrobien (148) avec un poly(éthyléne glycol) ;
- la disposition du mélange de I'au moins un mé-
dicament antimicrobien (148) et du poly(éthyle-
ne glycol) a I'intérieur des pores (146) ; et

- la réticulation du poly(éthylene glycol) afin de
fixer mécaniquement le mélange de I'au moins
un médicament antimicrobien (148) et du po-
ly(éthylene glycol) sur la seconde section (144)
de la premiére pluralité de nanofibres (138).

Procédé selon la revendication 9, incluant en outre
I'exposition de la seconde section (144) de la pre-
miéere pluralité de nanofibres (138) et le mélange de
I’'au moins un médicament antimicrobien (148) et du
poly(éthyléne glycol) avec un plasma contenant de
I’'argon afin de lier de maniére covalente le poly(éthy-
leéne glycol) réticulé sur la seconde section (144) de
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la premiére pluralité de nanofibres (138).

Procédé selon I'une quelconque des revendications
8 a 10, dans lequel I'interpénétration de la premiere
section (168) de la premiere pluralité de nanofibres
(164) a I'intérieur de la surface (158) du substrat en
polymere (166) inclut I'électrofilage de la premiére
pluralité de nanofibres (164) directement a l'intérieur
de la surface (158) du substrat en polymere (166).

Procédé selon I'une quelconque des revendications
8 a 10, dans lequel I'interpénétration de la premiére
section (168) de la premiere pluralité de nanofibres
(164) a I'intérieur de la surface (158) du substrat en
polymere (166) inclut :

- I'électrofilage de la premiere pluralité de nano-
fibres (164) sur une broche de noyau ou un man-
drin (162) ; et

- le surmoulage de la surface (158) du substrat
en polymeére (166) sur la premiére section (168)
de la premiére pluralité de nanofibres (164) sur
la broche de noyau ou le mandrin (162).

Procédé selon I'une quelconque des revendications
8 a 12, dans lequel I'électrofilage de la seconde plu-
ralité de nanofibres (150) sur la premiere pluralité de
nanofibres (138, 164) est réalisé avant I'incorpora-
tion de I'au moins un médicament antimicrobien
(148, 154, 176) a I'intérieur de la premiére pluralité
de pores (146, 174) qui est formée par la seconde
section (144, 170) de la premiére pluralité de nano-
fibres (138, 164).

Procédé selon I'une quelconque des revendications
8 a 13, dans lequel I'électrofilage de la seconde plu-
ralité de nanofibres (150) sur la premiere pluralité de
nanofibres (138, 164) est réalisé aprés I'incorpora-
tion de I'au moins un médicament antimicrobien
(148, 154, 176) a I'intérieur de la premiére pluralité
de pores (146, 174) qui est formée par la seconde
section (144, 170) de la premiére pluralité de nano-
fibres (138, 164).

Procédé selon I'une quelconque des revendications
8 a 14, comprenant en outre l'incorporation d’au
moins un second médicament antimicrobien (148,
154, 176) a l'intérieur de la seconde pluralité de po-
res (152) qui est formée par la seconde pluralité de
nanofibres (150).
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